Abstract: Objective The present study is to observe in vitro the proliferation ability of the muscle cells from permanent myopathy (PM) patients of nomokalaemic periodic paralysis (normKPP), which is caused by mutations of Met1592Val in the skeletal muscle voltage gated sodium channel (SCN4A) gene on chromosome 17q23.1. We also evaluate the possible effect of the foreign basic fibroblast growth factor (bFGF) in preventing and curing PM. Methods The gastrocnemius muscle cells were taken from two male patients with PM of the same Chinese family with Met1592Val mutation of SCN4A, determined by gene screening. Four male patients suffering from the skeletal injury without PM were taken as control. All preparations were protogenerationally cultured in vitro. Proliferation of the cultured preparations was measured by MTT. Activities of the lactic dehydrogenase (LDH), creatine kinase (CK), and protein content in these cells were also detected. The effects of bFGF with different doses (10 ng/mL, 20 ng/mL, 40 ng/mL, 80 ng/mL, 120 ng/mL and 160 ng/mL) on the above mentioned parameters were also evaluated. Results Cells from both PM and control subjects were successfully cultured in vitro. The cultivation of the muscle cells from PM patients in vitro was not yet seen. Results indicated the obvious stimulation of bFGF on cell proliferation, activities of LDH and CK, protein synthesis, in a dose dependent manner. The optimal dose of bFGF was 120 ng/mL (P<0.05), beyond which greater dose caused a less effect. The effect of bFGF on 160 ng /mL was stronger than that on 80 ng/mL, but there was no significant difference (P>0.05). Conclusion Myoblastic cells from patients with PM had a weaker ability of developing into the myotubules, thus they were unable to perform effective regeneration, which resulted in a progressive necrosis. The exogenous bFGF could promote the division and proliferation of the muscle cells in vitro. These results shield a light on bFGF's potential role in preventing and treating PM.
Introduction
Nomokalaemic periodic paralysis (normKPP) is caused by mutation in the skeletal muscle voltage gated sodium channel (SCN4A) gene on chromosome 17q23.1 [1, 2] , characterized by transient and recurrent attacks of paralysis followed by complete convalescence. However, some patients may develop into permanent myopathy (PM) following repeated attacks. And this condition is usually reported in some patients with mutation of Met1592Val and Thr704Met, which appears in and after middle age, and follows the down phase of the attack frequency of the periodic paralysis with the upper limbs worse than the lower limbs. Although PM is usually independent of paralysis, its severity is correlated with severity of attack and labor intensity of patients in their ages. The muscle biopsy demonstrated that there were degenerations in the muscles [3, 4] . So far, for PM there is still no effective therapy. PM may result in disability: patients may be unable to move, or even be kept in bed. So, investigating the cause for PM and finding possible ways defending and treating PM have become the focus in this field. In this paper, the patients who were diagnosed as PM caused by mutation of SCN4A Metl592Val using gene screening, were chosen as subjects and the preparations of the skeletal muscle from the patients were cultured in vitro. On this basis, the developing courses of these preparations and effects of the foreign basic fibroblast growth factor (bFGF) on the preparations were observed to reveal the possibility of bFGF in preventing and curing PM.
Materials and methods

Subjects
The subjects were divided into 2 groups, the patient group and the control group. The former included 2 male PM patients, who were 42 and 48 years old respectively, coming from the same family with Metl592Val mutation of SCN4A diagnosed by gene screening [5] . The latter included 4 cases of male patients suffering from the skeletal injury without PM, also aged 40-50 years, whose gene screening found no SCN4A mutation (Table 1 ). All the subjects were volunteers in this study.
2.2
The protogenerative cultivation of the skeletal muscle cells About 0.5g of the pure gastrocnemius muscle preparation was taken respectively from subjects of 2 groups. The preparations were cleaned in D-Hanks solution, and were cut into about 1mm 3 muscle lumps, which were then incubated in the culture flask. The turnover-drying fixing method was used to facilitate the preparations to stick to the flask wall. Three hours later, the culture solution was added into the flask.
The preparations were then cultured at 37°C with 5% CO 2 .
Five to seven days later, half of the first solution was changed, and after each 2-3 days, the whole solution was replaced.
The development state of the cultured cells was observed dynamically under the reverted phase microscope. 40 ng/mL, 80 ng/mL, 120 ng/mL, and 160 ng/mL) were respectively used for another 72h of cultivation. 
Detection of cell proliferation
Detecting activities of the lactic dehydrogenase (LDH)
and creatine kinase (CK) DMEM medium without serum was used to culture the preparations of the muscle cells for 72 h, and the culture solution was removed. Then the preparations were cleaned twice using D-Hanks solution. After adding 50 μL PBS solution, cells were then frozen and thawed three times before detecting LDH and CK activities. mine the protein content of the preparations. Detection was also performed after freezing-thawing treatment mentioned above. On the seventh day or eighth day, 2-3 scattered muscle cells appeared in a parallel way, and tended to mix with each other.
Detection of protein
Statistics analysis
Meanwhile, there showed no color change of patient group medium solution, and even no spindle cells could be found until the seventh day.
At about the third week, the cells from both groups showed obvious growth tendency, but with no significant difference in cell number between the two groups. In the control group, the cells possessed more than 3 nuclei, and the long myotubules with chain distributions could be found.
In the patient group, although cells grew actively, they were randomly ranged and largely different in size and in spindle shape. Also, there was no myotubulogenesis.
During the fourth to fifth week, the number of the muscle cells in the control group increased sharply, and there were longer, broader, compact, polybranched, and multinuclear myotubules with concentrated myofibriles. At most, the number of the nuclei was more than 10 ( Fig. 1) . In the patient group, the cells were also productive, but were different in size. Formed myotubules were much fewer, and the arrangement was in a jumble way: one side of some cells inserted into another, and no fusion sign could be found (Fig.2) . After 
Desmin staining
More than ninety-seven percent of the cultured cells showed positive responses, both the periphery of the nuclei and the cytoplasma appeared brown, confirming that the cells cultured were the muscle cells.
Effects of bFGF on the proliferation of the cells
The effects of bFGF on muscle cells were obviously dosedependent. The bFGF dose of 120 ng/mL showed the strongest effect, however, a greater dose (160 ng/mL) caused a decrease in proliferation (Fig. 3) . There was no significant difference between the effects of the dose of 160 ng/mL and 80 ng/mL. When the muscle cells had been exposed to bFGF for 72 h, activities of their LDH, CK and the synthesis of protein increased in a dose-dependent way (Table 2 ).
Effects of bFGF on LDH, CK, and protein synthesis
Discussion
The skeletal muscle sodium channelopathy is character- revealed variability in fiber size, remarkable fibrosis and vascular changes [6] . The cause of myopathy remains unclear so far, and there is still no effective therapy for this disease. In this paper, we mainly investigated the mechanism of this disorder, and found out possible treatment against this disease.
The skeletal muscle is able to regenerate after damage, mainly accomplished through activating the satellite cells from an inhibitory state under normal conditions [7] , making them transform to the myoblastic cells. The myoblastic cells keep dividing, mixing with each other, and at last, develop into myotubules. Under culturing conditions in vitro, the formation of the myotubules indicated a mature phase of the muscle cells. So, using culture method in vitro makes it convenient to observe the formation, the size of the myotubule and differentiation of the cell for evaluating the myogenesis of the muscle cell [8] . Besides, the muscle cell cultured using progenerative cultivation method kept its original natures, i.e. ensuring a higher fedelity [9] . However, it is hard to culture adult skeletal muscle cells, or to keep the purity of the preparation. Using the method of tissue lump culture, we have successfully cultured the cells of the skeletal muscle in vitro, since Desmin staining, a specific dye for the skeletal muscle, demonstrated that the purity of the preparations used in our test was over 97% [10] . Our results showed that at about the second week, the cells from both groups began to grow vigorously, when formation of the myotubules began to occur. This observation indicated that the damaged muscle of the patient with PM was able to regenerate in vitro.
However, formation of the myotubule was much slower than that of the control group, suggesting a weaker ability of the myoblastic cells from the PM subjects in developing into the myotubule. The muscle cells from the test group grew slowly dose (ng/mL)
Cell freeze thawing during the early culture phase, and the size was different, which further indicated that these damaged cells were unable to perform effective regeneration, resulting in a progressive exhaustion of the necrotic muscle fibers. According to the report [11] , some factors can promote the damaged muscle cells to proliferate and differentiate, which in turn, facilitate the regeneration of these cells. bFGF [12, 13] , an active peptide The activity of CK reflected the differentiating ability of the cultured cells in vitro. According to the report, the value of CK could also reflect the level of the myotubules: the more mature the myotubules were, the more complete the differntiation was, the higher CK value was [14] . Our results demonstrated that all the bFGF doses of more than 10ng/ml resulted in the obvious increases of CK content. This result suggested that bFGF vigorously facilitated the proliferation of the myoblastic cells and the maturation of the myotubules.
The changes in protein content showed that bFGF strongly increased the ability of the myoblastic cells in synthesizing protein.
These results suggested that the normal skeletal muscle could be cultured in vitro, and like cells in vivo, the whole development course could be divided into 3 phases: the static phase, the differentiating and proliferating phase, and the myotubule formation phase. Meanwhile, the regeneration ability of the skeletal muscle cells from the patients was obviously weak. But not all the muscles of PM patients were damaged. According to our observations, it is feasible to graft the normal muscle tissue to the patient to treat PM.
